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Abstract 
The most effective methodology for developing green power-plant systems is to increase the generating efficiency of steam 
power plants. Ni-based alloys prove applicable for performance improvements. This study assessed the electrochemical-corrosion 
characteristics of multi-pass welded Ni-based Alloy 617 in as-welded and post-weld heat-treated (PWHT) conditions and tested 
for corrosion fatigue in a 3.5 wt.% NaCl solution at 70୅ to determine the corrosion-fatigue characteristics at the low fatigue 
limit. The results showed a linear increase in the corrosion rate with an increase in solution temperature. Degrading the weld at 
700୅ for 24 h increased the corrosion rates above those of the as-welded samples, regardless of whether they were 
subjected to PWHT. Corrosion-fatigue cracks grew at the low fatigue limit, which was about 48.4 % (327MPa) of the static 
tensile strength (675.1MPa) of the weld, and 43.1% of the base metal (759.4MPa). The corrosion-fatigue crack-growth rates 
are greater after PWHT than before. However, the difference between samples due to PWHT is insignificant.  
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1. Introduction 
 
Addressing environmental pollution and developing green energy have become critical. Exhaust gases, 
specifically, CO2 gas from thermal power plants that use fossil fuels are of significant concern and they must be 
reduced to mitigate environmental pollution. The most effective methodology known for making power-plant 
systems greener is to increase their generation efficiency and much research has focused on the development of 
related technologies. The core technologies for increasing generation efficiency improve steam-turbine performance 
[Alvin et al. (2008)]. Steam turbines use extremely high-temperature steam and demand materials that afford both 
durability and reliability in extreme (high-temperature) environments. Among the materials developed to date the 
most practical and useful materials for applications above 700oC are Ni-based alloys. However, application of Ni 
alloys to the rotor of a steam turbine requires new welding technologies, welding-stress analysis; post-weld heat 
treatment (PWHT) technology, methods of testing the mechanical properties at temperatures above 700oC, and 
assessment of corrosion susceptibility and fracture characteristics in corrosive environments. This study investigates 
Alloy 617, which is a Ni-based super alloy, to determine its reliability in terms of corrosion and corrosion fatigue. 
We assessed the electrochemical-corrosion characteristics of multi-pass welded Alloy 617both as-welded and after 
PWHT and examined its corrosion-fatigue characteristics at the low fatigue limit, measuring the mechanical-fracture 
resistance of multi-pass welded Ni-based Alloy 617 in a 3.5 wt.% NaCl solution at 70୅. 
 
2. Assessing electrochemical corrosion characteristics of an Alloy 617 weld 
 
2.1 Specimen and procedure 
 
Tables 1 and 2 illustrate the chemical composition and mechanical properties of Alloy617. DCEN TIG welding 
technology provided multi-pass welding; the direction of the weld was parallel to the rolling direction of the base 
metal, as shown in Fig. 1 with a machined U-shaped groove for narrow-gap welding [Corlett et al. (1991)]. Tissen 
617 served as the filler metal. Repeated pretest welding yielded the welding conditions in Table 3. The welding 
processes including the electrode shape, arc length, welding wave mode (CW or pulse), welding heat input, the Ar-
2.5% H2 shield gas, etc., were controlled by a welding monitoring system. We conducted PWHT for the specimens 
at 1175୅ for 30 min at a heating rate with a maximum of 220୅/h and then artificially degraded the base metal and 
weld at 700୅ for 24 h to evaluate the effects of thermal degradation on the electrochemical-corrosion 
characteristics. Energy-dispersive x-ray spectroscopy (EDS) and a scanning electron microscope (SEM) evaluated 
the metallurgical microstructures and composition variation of the weld after PWHT. Fig. 2 and Table 4 give the 
results. The major components of Alloy 617 are Ni, Cr, Co and Mo and PWHT did not significantly affect the 
composition variation. Specimens measuring 10x10x10 mm3 were cut from the weld and base metal to assess the 
electrochemical-corrosion characteristics. They were coated with epoxy resin (Struers Co.) and their surfaces wet-polished 
with 2000-grit SiC paper. All the potentio-dynamic polarization test procedures basically followed the procedure 
recommended by ASTM International G5 [ASTM G5 (2002)]. The polarization test equipment used a Potentiostat 273A (EG 
& G Co.) with a potentio-dynamic polarization-test scanning rate of 0.166 mV/sec with a scanning range of -250mV (SCE), 
determined from the preliminary tests. A corrosive solution was prepared in 3.5 wt.% NaCl + glacial acetic acid (CH3COOH) 
+ distilled water on the basis of NACE TM 0177-90 [Sedriks and Syrett (1990)]. Purging by nitrogen gas at a rate of 
200ml/min for 120 min removed the oxygen dissolved in the solution. Setting the solution temperatures to 15, 30, 50 and 70୅ 
assessed the influence of the solution temperature on the electrochemical-corrosion characteristics of the specimens. 
 
 
Table 1. The chemical compositions of Alloy 617. 
 
Ni  Cr  Co  Mo  Al  C  Fe  Mn  Si  S  Ti  Cu  
Bal.  22  12.5  9  1.2  0.07  1.5  0.5  0.5  0.008  0.3  0.2  
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Table 2. Mechanical properties of Alloy 617. 
 
Table 3. Welding condition and heat input under Ar-2.5% H2 shield gas 
 
Pass 1 2 3 4 5 6 7 
Current [A] 120 150 180 180 180 180 180 
Voltage[V] 10 13 16 16 16 16 16 
Travel speed[mm/min] 90 
 Heat input[J/mm] 800 1600 1920 1920 1920 1920 1920 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) U- type groove with a narrow gap.                                                                   (b) Welding direction 
 
                                           Fig. 1. The groove shape and welding direction for multi-pass welding of Alloy 617 plate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
G
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Fig. 2. Metallurgical micro-structures at the base metal, heat affected zone(HAZ), and weld metal of Alloy 617. 
 
Table 4. Chemical composition analysis for the weld of Alloy 617 after PWHT. 
    
 Element                                                  Before PWHT (wt.L)                                            After PWHT (wt.L) 
MoL                                                          10.38                                                                    9.14 
CrK                                                           21.04                                                                  20.79 
FeK                                                             1.58                                                                     1.83 
CoK                                                          13.47                                                                   13.15 
NiK                                                          52.21                                                                   53.44 
 
Yield Strength 
(MPa) 
Tensile Strength 
(MPa) 
Elongation 
(%) 
Reduction of Area 
(%) 
Hardness 
(BHN)  
322 734 62 56 172 
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2.2 Results and discussion 
 
 Fig. 3 shows the relationship between the corrosion rate and solution temperature for the base metal and weld 
before and after degradation at 700୅ for 24 h. The Tafel extrapolation method determined the corrosion-current density 
(icorr) in the Alloy 617 weld and the procedure recommended in ASTM G5 determined the corrosion rate. The corrosion rates 
of the base metal and weld increased with an increase in solution temperature due to the considerable influence of corrosive, 
active ions, such as H+ and Cl-, in the corrosive solution. Compared to other ions, a Cl- ion is known to easily pass through 
oxide film to reach a metal surface and be absorbed in it. An absorbed Cl- ion facilitates the diffusion of metal ions into a 
corrosive solution, such as NaCl, by promoting their hydration. The behavior of a Cl- ion controls the change of the metal to 
the passive state and shows a high corrosion rate in the potential of the passive state. Its effect is concentrically revealed in 
regions with a thin protective film or a coarse structure. As shown in Fig.3, the corrosion rates of the weld are greater than 
those of the base metal whether or not it was degraded. Degrading the weld at at 700୅ for 24h increased the corrosion rates 
compared to samples that were not degraded, whether or not it was subjected to  PWHT. Fig. 4 shows the result for 
composition analysis after corrosion testing. Surface analysis of the base metal and weld showed that the solution produced 
precipitation of Cr and Mo, suggesting that a corrosive environment can degrade the material, reducing its corrosion 
resistance and mechanical strength. Preventing such degradation requires obtaining information on the electrochemical-
corrosion characteristics and making continuous measurements to monitor the corrosion potential of the weld.  
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(a)  Cr- precipitation                            b) Mo- precipitation 
Fig. 3. Relationship between the corrosion rate and                           
solution temperature.                                                                     Fig. 4. Composition analysis after electro-chemicalcorrosion  test. 
 
3. Assessing fracture mechanical corrosion fatigue characteristics at low fatigue limit of the multi-pass welded 
Alloy 617 
 
3.1 Test specimen and procedure   
 
The test specimens for assessing the electrochemical-corrosion characteristics were fabricated using the same material and 
welding process mentioned in Section 2. Fig. 5 shows the configuration of the test specimen to assess its crack-growth 
characteristics [ASTM E647 (2002)]. The CT (compact tension) specimen in Fig. 5 includes the weld metal, the heat-affected 
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zone (HAZ) and the base metal. All specimens were prepared in an orthogonal direction to the weld line. An artificial notch 
was machined in the area of the HAZ in a direction parallel to the weld line to assess the effects of PWHT and metallurgical 
changes due to multi-pass welding, and then pre-cracked in 3 mm for corrosion-fatigue tests. Fatigue testing was performed 
with a material testing system (MTS810, capacity: 100 kN) and the corrosion fatigue tests were conducted under the 
conditions illustrated in Table 5. The corrosion-fatigue tests started from Pmax= 12.06kN, which corresponds to the low-
fatigue limit of the multi-pass welded Alloy 617, σL = 327MPa. To monitor crack-growth behavior in real time we measured 
the electric potential variation during fatigue tests using the DCPD (direct current potential drop)  method illustrated in Fig. 6 
[Wei and Brazill (1979)]. The fatigue crack growth was calculated by the calibration curve in Fig. 7, which gives the 
relationship between the measured voltage (V)/ reference voltage (Vr) and fatigue crack length (a)/ width of specimen (W) 
obtained from fatigue tests in air. 
 
G
G
G
 
 
 
 
 
Fig. 5. Specimen configuration of specimen for corrosion fatigue test.                        Fig. 6. Schematic of DCPD measuring system. 
Table 5. Corrosion fatigue test conditions. 
 
 
 
 
 
                           Fig.7. Relationship between a/W and V/Vr. 
3.2 Result and discussion 
 
Fig. 8 compares the da/dN – ΔK curves between samples in air and those subjected to corrosion fatigue. The 
curves give data for samples that underwent PWHT and those that did not. The crack-growth rates resulting from 
corrosion fatigue are greater than those of samples in air regardless of whether the sample was subjected to PWHT; 
the rates are slightly greater after PWHT than before. The fatigue strength is generally lower and fatigue crack-
growth rates generally higher at the weld than for the base metal due to the influence of residual stress and 
metallurgical changes from welding. Fig. 8 shows a small influence of PWHT on the crack-growth rate at the weld. 
The increase in crack-growth rates during corrosion fatigue can be attributed to the influence of mechanical 
properties and metallurgical microstructure changes at the weld during welding and PWHT, and the effect of the 
electrochemical-corrosion reaction as discussed in Section 2.2. Table 6 gives the values of C and m calculated using 
the da/dN-ΔK of Fig. 8. 
Conditions                                                  Contents 
Loading 
condition 
Load ratio (R=Pmin/Pmax) 0.1 
 Load range(ΔP) Constant 
Maximum load (Pmax) 12.06kN 
Load frequency(f) 
1.0Hz  
(sine wave) 
Environmental 
condition 
Temperature 
Solution  
70Ȕ 
3.5wt.LNaCl 
       pH=3.5 
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Table 6. Experimental estimation of C and m  
 
 
 
 
 
 
 
 
Fig. 8. Comparison of da/dN -୞K curves in air and after corrosion fatigue. 
 
4. Conclusion 
 
Alloy 617, which is a Ni- based super alloy, was investigated to determine its corrosion and corrosion-fatigue 
characteristics. We assessed the electrochemical-corrosion characteristics of multi-pass welded Alloy 617 as-welded 
and after PWHT and then examined the corrosion-fatigue characteristics at the low-fatigue limit, assessing the 
mechanical-fracture characteristics in a 3.5 wt.% NaCl solution at 70୅. 
The conclusions are:  
1) The corrosion rates of the base metal and weld increased with an increase in solution temperature. The corrosion rates 
of the weld are larger than those of the base metal with or without degradation. Degrading the weld at 700୅ for 24 h 
increased the corrosion rates above those of the as-welded samples, regardless of whether they were subjected to 
PWHT. 
2) The corrosion-fatigue crack-growth rates are greater than those of in air regardless of the application of PWHT, 
and are greater after PWHT than before. However, the difference between samples due to PWHT is 
insignificant. 
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Fatigue in air  before PWHT 
Fatigue in air after PWHT 
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